The existence of separate gelatinase granules in human neutrophils has been a matter of debate in recent years. We have demonstrated that the 135-kD form of neutrophil gelatinase is a complex of 92-kD gelatinase and a novel 25-kD protein termed neutrophil gelatinase-associated lipocalin (NGAL) that, in addition to being complexed with part of the gelatinase, is localized in free form in peroxidase-negative specific granules. Because this association was not appreciated in earlier studies, we decided to reassess the ultrastructural localization of gelatinase using specific antibodies without immunoreactivity towards NGAL. Double-labeling immunogold electron microscopy was performed on frozen thin sections of human neutrophils. Twenty-four percent of all peroxidase-negative granules were labeled with antigelatinase antibody, but not with antilactoferrin antibody. These granules are defined as gelatinase granules. Sixteen percent reacted with antilacto-
The existence of separate gelatinase granules in human neutrophils has been a matter of debate in recent years. We have demonstrated that the 135-kD form of neutrophil gelatinase is a complex of 92-kD gelatinase and a novel 25-kD protein termed neutrophil gelatinase-associated lipocalin (NGAL) that, in addition to being complexed with part of the gelatinase, is localized in free form in peroxidase-negative specific granules. Because this association was not appreciated in earlier studies, we decided to reassess the ultrastructural localization of gelatinase using specific antibodies without immunoreactivity towards NGAL. Double-labeling immunogold electron microscopy was performed on frozen thin sections of human neutrophils. Twenty-four percent of all peroxidase-negative granules were labeled with antigelatinase antibody, but not with antilactoferrin antibody. These granules are defined as gelatinase granules. Sixteen percent reacted with antilacto-
HE EXISTENCE OF granule subpopulations with
T characteristic membrane compositions and differences in mobilization may explain the sequential upregulation of plasma membrane proteins and exocytosis of granule proteins observed both in vivo and in vitro during neutrophil activation. Specific (peroxidase-negative-lactoferrin-positive) and azurophil (peroxidase-positive) granules have long been recognized,'a2 but these are not mobilized by stimulation with inflammatory mediators that are capable of recruiting membrane proteins from internal stores to the plasma membrane.3-5 The existence of an additional granule subset, identified by its content of the metalloproteinase gelatinase, has been proposed on the basis of differences between gelatinase and the specific granule marker vitamin B,,-binding protein with respect to subcellular localization and release.33637 Recently, secretory vesicles have been identified by their content of latent alkaline phosphatase (alkaline phosphatase only measurable in the presence of a detergent)' and by their content of plasma protein^.^^'^ This compartment, which is of importance for early neutrophil activation,",12 is completely mobilized at nanomolar concentrations of FMLP.
Gelatinase-containing granules have been claimed to constitute an important reservoir of cytochrome b558,6,L3 the adhesion molecule Mac-1 ,5,7J4J5 and the receptor for the chemotactic peptide F'h4LP.I4 However, the existence ofseparate gelatinase-containing granules could not be confirmed by immunoelectron microscopy,16 which showed colocalization ofgelatinase and lactoferrin in 80% ofperoxidase-negative granules. Only 7% of the granules showed labeling for gelatinase alone. This lead to the conclusion that gelatinase is a component of specific granules, but that heterogeneity might exist among specific granules.I6 The obvious discrepancy among these findings has been explained as due to problems inherent to the functional assay of gelatinase that is used in the subcellular fractionation studies and in the release studies.
ferrin antibody but not with antigelatinase antibody. The rest (60%) reacted with both antibodies. All granules labeling for lactoferrin are defined as specific granules. Gelatinase granules were observed as round and oval forms of considerably smaller size than specific granules, and were less electron dense. Isolated granules obtained by subcellular fractionation were also examined by immunoelectron microscopy. This demonstrated that peroxidase-negative granules comprise a continuum from the most dense granules that contain lactoferrin but no gelatinase to the lightest that contain gelatinase but no lactoferrin. Thus, gelatinase granules do exist as a subpopulation of peroxidase-negative granules and may allow for exocytosis of gelatinase during neutrophil diapedesis without substantial mobilization of other peroxidase-negative granules, ie, specific granules.
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We recently purified neutrophil gelatinase to raise polyclonal antibodies to establish an enzyme-linked immunosorbent assay (ELISA) for gelatinase. Using this ELISA, we wanted to reinvestigate the existence of gelatinase-containing granules, because this assay is more sensitive and reliable than the gelatinolytic assay." However, we found that neutrophil gelatinase, previously considered pure, is partly covalently associated with a novel 25-kD protein termed neutrophil gelatinase-associated lipocalin (NGAL)." This complex is responsible for the 135-kD form of gelatinase observed on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under nonreducing conditions. Antibodies generated after immunization of rabbits with purified gelatinase initially recognized both gelatinase and NGAL, but, by affinity purification of the antibodies, we obtained specific antibodies towards both gelatinase and NGAL. With these antibodies we set up ELISAs for both proteins, and applied these on subcellular fractions obtained after nitrogen cavitation and Percoll density gradient centrifugation. We were able to confirm the existence of separate gelatinase-containing granules that are less dense than specific granules and more easily mobilized." Furthermore, we found the major part of NGAL to be a component of specific granules not complexed with gelatinase (Kjeldsen et al, manuscript submitted).
Because of these new findings we decided to reinvestigate the ultrastructural localization of gelatinase using our specific antibodies against gelatinase.
MATERIALS AND METHODS
Isolation of neutrophils. Neutrophils were isolated from blood donated by healthy volunteers and anticoagulated in 25 mmol/L sodium citrate, 126 mmol/L glucose. An equal volume of 2% Dextran T-500 (Pharmacia, Uppsala, Sweden) in saline was added to facilitate the sedimentation of red blood cells. The leukocyte-rich supernatant was collected after 45 minutes. The cells were pelleted by centrifugation at 200g for I O minutes and resuspended in saline for subsequent centrifugation on Lymphoprep (Nygaard, Oslo, Norway) at 400g for 30 minutes to remove mononuclear cells. 20 Remaining erythrocytes were lysed by hypotonic shock for 30 seconds in ice-cold water. Tonicity was restored by addition of an equal volume of 1.8% NaCI. The cells were then washed once in saline, followed by resuspension in the desired buffer. All steps were performed at 4"C, except for sedimentation of red blood cells (room temperature).
Purification of gelatinase and immunization was performed as de~cribed.'~.~' The antiserum was affinity purified on CNBr-activated Sepharose4B to which 8 mg of purified gelatinase had been coupled.
The specificity of the antibodies was tested by immunoblotting of a postnuclear supernatant from human neutrophils. This showed that the antibody reacted with both gelatinase and with a 25-kD protein. To remove antibody with specificity for the 25-kD protein, the following procedure was performed. Neutrophils ( I O X IO9) at 1 X 10'/mL in Krebs Ringer phosphate buffer (KRP; 130 mmol/L NaCI, 5 mmol/L KC1, 1.27 mmol/L CaCI,, 5 mmol/L glucose, I O mmol/L NaH,HP04/Na,HP0,, pH 7.4) were stimulated with phorbol myristate acetate (PMA: 2 pg/mL) to exocytose granule proteins. After the addition of I mmol/L phenylmethylsulfonyl fluoride (PMSF; Sigma, St Louis, MO), the exocytosed material was collected and concentrated approximately 15-fold in an Amicon ultrafiltration cell (Amicon, Beverly, MA). To separate the 25-kD protein from gelatinase, the concentrated material was subsequently applied to gelfiltration on a Sephadex (3-200 (Pharmacia) column (2 X 100 cm) equilibrated in phosphate-buffered saline (PBS) containing 0. I% sodium azide. Fractions containing the 25-kD protein, but devoid of gelatinase, as evidenced by Western blotting, were pooled (total volume, 60 mL) and concentrated eightfold. The resulting material was coupled to CNBr-activated Sepharose-4B. The antigelatinase antibodies were depleted of antibodies against the 25-kD protein by passage through this column. The specific antigelatinase antibodies were biotinylated as described.22
Subcellularfractionation. Neutrophils were resuspended at 3 to 5 X 107/mL in disruption buffer (100 mmol/L KCI, 3 mmol/L NaC1, 1 mmol/L ATPNa,, 3. 
Gelatinase antibodies.
at 400g for I5 minutes (PI ). Ten milliliters ofthe postnuclear supernatant (Si) was applied on top of a 28-mL two-layer Percoll gradient ( I .OS/ 1.12 g/mL) containing 0.5 mmol/L PMSF and centrifuged at 37,OOOg for 30 minutes. This resulted in a gradient with three visible bands, from the bottom designated the a-band (containing the azurophil granules), the &band (containing the specific and gelatinase-containing granules), and the 7-band (containing plasma membrane and secretory vesicles). The cytosol was present above the y-band on top of the Percoll. The gradient was collected in fractions by aspiration from the bottom of the tube. Fractions 1 through 7 and 23 through 35 were collected in a volume of 1.4 mL each. To improve the resolution of the &band, fractions 8 through 22 were collected in volumes of 460 pL each.
Marker assays. Gelatinase and Iactoferrin were assayed by ELISA as de~cribed.'~ Myeloperoxidase, for identification of azurophi1 granules,' was measured by an ELISA using polyclonal rabbit antimyeloperoxidase antibodies (Dakopatts [A398], Glostrup, Denmark) as catching antibody in a dilution of 1:10,000. The same antibody was biotinylated and used as detecting antibody. Peroxidase-conjugated avidin (Dakopatts) was used next diluted 1 :2,000. Myeloperoxidase, purified from isolated azurophil granules, was used as a standard. All buffers and procedures were as described for the gelatinase assay. Plasma membranes were identified by HLA class I antigen in a mixed ELISA.24 Secretory vesicles were quantitated by latent alkaline phosphatase, ie, alkaline phosphatase only measurable in the presence of detergent, 0.2% Triton X-100.8. 25 SDS-PAGE and Western blotting. SDS-PAGE was performed as described by Laemmli,26 using 5% to 20% gradient gels with 3% stacking gel. Proteins were transferred from gel slabs to 0.2-pm nitrocellulose filters (BioRad Laboratories, Richmond, CA) essentially as described by Towbin et a127 in a BioRad trans-blot vertical system at 60 V, 2 IO mA for 4 hours. Transfer buffer was 192 mmol/ L glycine, 25 mmol/L Tris, pH 8.3, 20% (vol/vol) methanol. Additional binding sites were blocked by incubating the nitrocellulose filters for 1 hour in 2% Tween-20 in PBS. After three washes in PBS, 0.05% Tween, the blots were incubated with primary antibody overnight. Primary antibodies were labeled with peroxidase-conjugated swine antirabbit antibody (Dakopatts [P2 17]), diluted 1:1,000, and incubated for 2 hours. The filters were then washed three times in PBS, 0.05% Tween and once in 50 mmol/L Tris, pH 7.6, and developed in 50 mmol/L Tris, pH 7.6, containing diaminobenzidine tetrahydrochloride (DAB) chromogen (Dakopatts) 0.20 mg/mL and 0.03% H,O,.
Isolated neutrophils were fixed in 2% paraformaldehyde, 0.05% glutaraldehyde in 0.1 mol/L phosphate buffer (pH 7.4) for 4 hours at 4°C and were washed well in the same buffer containing 3% (wtivol) sucrose. Some specimens were then incubated for peroxidase2' to mark the peroxidase-positive azurophil granules.' The cells were pelleted for further processing.
For electron microscopy of subcellular fractions, 300 pL of each fraction was centrifuged in an Airfuge (Beckman, Palo Alto, CA) to pellet the Percoll. The biologic material was collected as a disc and resuspended in 400 pL of fixative (as above) and fixed for 4 hours at 4°C. The material was washed well in 0.1 mol/L phosphate buffer containing 3% (wt/vol) sucrose. The material was pelleted at l0,OOOg for 10 minutes.
The pellets of cells or subcellular fractions were embedded in poly-vinyl-pyrolidone (PVP)-sucrose, frozen, and stored in liquid nitrogen. Sections were cut on a Reichert-Jung (Buffalo, NY) ultracut E. The techniques used for preparing frozen thin sections have been previously described.29
A double-labeling experiment to localize gelatinase and lactoferrin was performed using protein A, as described by Slot and G e~z e .~' The antigelatinase antibody was used at a 1: 100 dilution,
Electron microscopy.
For personal use only. on November 16, 2017 . by guest www.bloodjournal.org From and the lactofemn antibody at a 1:1,OOO dilution. The probes protein A-IO and A-20 (obtained from Dr G. Posthuma, Utrecht, Holland) were used at a 1:50 dilution. Non-immune-purified rabbit IgG was used as a control. Rabbit antibody against gelatinase was applied and labeled with protein A-IO. Before the second antibody was applied, 0.5% glutaraldehyde/PBS was applied, followed by free protein A (0.05 mg/mL). Subsequently, an antibody to lactofemn (Accurate Chemical Co, Westbury, NY) was applied, followed by protein A-20. Sections were also labeled in reverse, using the large gold label to label gelatinase and the small gold to label lactofemn. The grids were then stained with uranyl acetate and embedded in methylcellulose as described by Tokuyasu" and modified by Griffiths et al. ' 2 A variation on the double-labeling procedure was performed using biotinylated antigelatinase antibodies and streptavidin gold 10 (Sigma). Control experiments were conducted by replacing specific antibodies with normal rabbit serum at a similar dilution.
Morphometry. Measurements ofgranule size were made on micrographs at 56,700 and 77,000 magnification using a photomicrograph scale marker (Dunn and Reidmar, Pacific Palisades, CA). A total of 47 I granules was evaluated by measuring the diameter of round granules and the length and width of elongated granules.
Sfatistica/ ana/,vsis. Significance was defined by two-sample ttest (unpaired). P values exceeding .05 were not considered significant.
RESULTS
Antibodies obtained after immunization of rabbits with purified gelatinase reacted not only with gelatinase, but also with a 25-kD protein, as shown by Western blotting (Fig I ,  lane I ). This 25-kD protein, a novel neutrophil protein termed NGAL,'* is partly complexed with 92-kD gelatinase and thereby responsible for the 135-kD form of gelatinase that can be observed on SDS-PAGE under nonreducing c~nditions.''.~' Specific antibodies against gelatinase were obtained by affinity purification. These antibodies recognized one 92-kD band of gelatinase under reducing conditions and three bands of 220, 135, and 92 kD under nonreducing conditions,2' but did not react with NGAL (Fig 1,  lanes 2 and 3) . With these antibodies and antibodies against lactofemn we examined the ultrastructural localization of gelatinase and lactofemn by double-labeling immunogold electron microscopy of frozen thin sections. Gelatinase was labeled with antigelatinase antibodies (in some instances biotinylated) followed by protein A-10 gold particles (or streptavidin 10 gold particles). Lactofemn was labeled with antilactofemn antibodies followed by protein A-20 gold particles. Sections were also labeled in reverse using protein A-10 gold labeling of lactofemn and protein A-20 gold labeling of gelatinase. In Fig 2, gelatinase is labeled with small gold particles and lactofemn with large gold particles. From this micrograph it is apparent that the majority of granules (not including extracted azurophil granules) were labeled for both gelatinase and lactofemn. Some were labeled for lactofemn only, whereas others were labeled exclusively for gelatinase. These are henceforth referred to as gelatinase granules (Fig 2) . No staining was observed when preimmune IgG was used in place of antigelatinase and antilactofemn antibodies (not shown), indicating that the labeling was specific. From inspection of several micrographs it was apparent that the gelatinase granules are less electron dense than the double-labeled granules and than granules labeled for lactofemn only. As expected, only peroxidase-negative granules contained label, as seen in Fig  3, whereas azurophil granules are visualized by endogenous peroxidase activity, before immunogold labeling.
To quantitate the granules displaying different labeling patterns, micrographs were scored by counting the number of double-labeled, purely lactofemn-labeled, and purely gelatinase-labeled granules. Table 1 shows the results of scoring 36 micrographs using either protein A-10 or streptavidin 10 gold for gelatinase and protein A-20 gold for lactofemn in addition to results obtained after scoring 20 micrographs using reverse protein A gold labeling of lactofemn and gelatinase. It is obvious from Table I that the results that are obtained are dependent on the labeling procedure that has been used. One possible explanation of this phenomenon is that small gold particles penetrate the sections better than larger in this case resulting in a more efficient labeling of the protein A-IO labeled antigen. Biotin/streptavidin gold-I O labeling of gelatinase results in a much higher proportion of granules labeling for lactofemn only in comparison with protein A-10 labeling of gelatinase (24% v 4%, respectively). This could be because of lower sensitivity of the biotin/streptavidin detecting system, possibly caused by a lower penetration of streptavidin gold in comparison with protein A gold in the more electron-dense peroxidase-negative granules. To level out the differences in labeling pattern, the results of the three approaches were averaged. We then found that 24% of all peroxidase-negative granules were labeled exclusively for gelatinase, whereas 16% of the granules were labeled for lactofemn only, with the remaining labeling for both proteins.
To further characterize the different granule subsets within the peroxidase-negative population ofgranules, morphometric measurements were performed on a number of micrographs of sections that were labeled for gelatinase and lactofemn using all three labeling techniques. The results of measurements on a total number of 47 1 granules are shown in Table 1 . All peroxidase-negative subpopulations were observed as mainly round or elongated granules. Round gelatinase granules had average diameters of 1 1 I nm, whereas elongated gelatinase granules had an average length and width of 209 nm and 85 nm, respectively. This is significantly less than the sizes of both double-labeled granules and granules labeling for lactofemn only. The granules of the latter two subpopulations were of similar size (Table 2) .
To estimate the content of gelatinase within individual granules, the number of anti-gelatinase-associated protein A-10 gold particles were counted on the same micrographs. On an average, 8.0 gold particles were counted in the gelatinase granules and 7.6 in double-labeled granules. The smaller size ofgelatinase granules leads us to suggest that these granules have a higher concentration of gelatinase than granules A number of micrographs was scored for the presence of double-labeled granules and granules labeled for gelatinase or lactoferrin only. containing both gelatinase and lactofemn, because the same number of gold particles was confined to a smaller space in gelatinase granules.
The existence of granules labeled only for lactofemn, Measurements of granule size were performed on a number of micrographs of sections that were labeled for gelatinase and lactoferrin as described (by all three labeling procedures). A total of 47 1 granules was measured. Granules within all three subpopulations were observed as round or elongated forms. The depicted sizes for round granules are average diameters, whereas the sizes for elongated granules represent average lengthlwidth. Gelatinase granules are significantly smaller than other peroxidase-negative granules of similar form. The average diameter of round gelatinase granules and the length and width of elongated gelatinase granules were compared to the corresponding values of double-labeled granules and granules labeling exclusively for lactoferrin. In all cases, P values <.005 were obtained with a two-sample t-test (unpaired). No significant difference in size could be shown between double-labeled granules and granules labeling for lactoferrin only.
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For personal use only. on November 16, 2017 . by guest www.bloodjournal.org From granules labeled only for gelatinase, as well as double-labeled granules is in line with previous findings using subcellular fractionation technique^.'^'^,'^ Based on those investigations, it was proposed that specific granules may comprise a continuum of granules regarding density, content of gelatinase, and mobilization, with the gelatinase granules being the lightest and those most easily mobilized. To validate this hypothesis, we decided to perform immunogold double-labeling of frozen thin sections of subcellular fractions obtained after nitrogen cavitation and centrifugation on twolayer Percoll density gradients. The fractions were assayed for markers specific for the different granule subsets, as depicted in Fig 4. This shows that the distribution profile of gelatinase is different from the profile of lactofemn, as previously reported.19 Fractions 11 and 15 were chosen for immunogold double-labeling on the basis of their relative content of gelatinase and lactofemn as determined by ELISA. Fraction 11 was relatively enriched in lactofemn, whereas fraction I5 was enriched in gelatinase. The gold labeling of these two fractions is shown in Fig 5. As expected, fraction I I was almost exclusively composed of granules that were labeled for lactofemn only (86% single-labeled for lactofemn with 13% double-labeled), whereas gelatinase granules comprised 68% of the granules in fraction 15, whereas 28% were double-labeled. This clearly shows that the quantitative data obtained by subcellular fractionation are in agreement with the qualitative ultrastructural results obtained with immunogold.
Because inflammatory mediators are capable of causing exocytosis of approximately 30% of total cell gelatinase and at the same time less than 5% ofthe specific granule markers lactofemn and vitamin B,,-binding it is possible that gelatinase granules respond exquisitely and selectively to such stimulation, leaving specific granules containing lactoferrin, vitamin B,,-binding protein, and the remaining 70% of gelatinase behind. This was addressed by examining the subcellular distribution of all the markers in response to stimulation by IO-' mol/L FMLP. It is observed that, even after exocytosis of 25% of the gelatinase content, the remaining gelatinase is localized different from lactofenin and vitamin BIZ-binding protein, peaking at a lower density in the gradient (Fig 6) . Therefore, only a fraction of gelatinase granules have been mobilized to account for the almost selective exocytosis of gelatinase. Gelatinase granules therefore contain more gelatinase than indicated by their mere number. This confirms our suggestion based on immunogold labeling, namely that the concentration of gelatinase is higher in gelatinase granules than in specific granules. It should be noted that a strict colocalization of lactofemn and vitamin BIZ-binding protein has always been observed on subcellular fractionation in our
DISCUSS ION
It is shown that peroxidase-negative granules of human neutrophils are heterogeneous both with respect to form and size, isopycnic density, electron-lucency, and granule content. This heterogeneity can be organized somewhat by classifying the granules with respect to their content of two proteins, lactofemn and gelatinase. Approximately 16% of the granules contain lactofenin but no detectable gelatinase. These granules are the most dense. Sixty percent of granules contain both lactoferrin and gelatinase. These two subpopulations of peroxidase-negative granules constitute the specific granules. The remaining 24% of peroxidase-negative granules contain gelatinase but no detectable lactofenin. These granules are less dense, and smaller than other peroxidase-negative granules. We propose that these granules be named gelatinase granules. Thus, based on ultrastructure alone, three types of peroxidase-negative granules can be identified.
This heterogeneity within peroxidase-negative granules may reflect differential but overlapping synthesis and packaging of different granule proteins during granulopoiesis. Ultrastructural studies on neutrophil precursors have shown that lactofemn is synthesized and packaged at the early myelocytic stage preceding the packaging of gelatinFor personal use only. on November 16, 2017 . by guest www.bloodjournal.org From The important question is whether the heterogeneity of peroxidase-negative granules is functionally significant. We have confirmed, using ELISA for quantitation of gelatinase and lactofemn, that gelatinase is released much more readily than lactofemn. This difference is particularly observed when neutrophils are stimulated with inflammatory mediators such as FMLP, platelet-activating factor (PAF), and leukotriene 9, that relate to conditions of neutrophil diapedesis and migration." The question is whether the 20% to 30% release of gelatinase that is generally observed after stimulation with inflammatory mediators represents mobilization of all gelatinase granules, leaving specific granules containing lactofemn and the remaining 70% ofgelatinase behind in the cell. If this was the case, the gelatinase granules would constitute a subset of granules whose exocytosis is completely differently controlled than specific granules. On the other hand, if peroxidase-negative granules r e p resent a continuum from granules high in lactofemn and low in gelatinase to granules high in gelatinase and without lactofemn, one would expect that gelatinase granules, although comprising only one-fourth of all peroxidase-negative granules, would contain a proportionally higher fraction of the total cell gelatinase. Our finding based on quantitation of gold-labeling of frozen thin sections indicates that gelatinase granules have a higher concentration of gelatinase than specific granules. However, the fact that the labeling efficacy of an antigen has been shown to decrease with increasing electron density due to inhibition of penetration of the labeling reagents33 underscores the difficulties in quantitation of antigens using immunogold labeling. On the other hand, subcellular fractionation is quantitative and the subcellular distribution profiles of gelatinase and lactofemn after FMLP-induced gelatinase release shows that only a fraction of gelatinase granules was mobilized to account for gelatinase exocytosis. Therefore, gelatinase granules must contain proportionally more gelatinase than indicated by their mere number.
This finding is important for understanding the significance of gelatinase granules for neutrophil activities. Ifgelatinase was evenly distributed among all peroxidase-negative granules, then exocytosis of one-fourth of the gelatinase content would mean that one-fourth ofall granules was mobilized. This would constitute a significant implementation of granule membrane into the plasma membrane, and could potentially cause a significant upregulation of a number of membrane proteins in the plasma membrane. However, when the gelatinase content is proportionally higher in gelatinase granules (as our data demonstrate), then less membrane will be inserted in the plasma membrane for an equal exocytosis of gelatinase. We have previously examined the localization and mobilization of the membrane proteins cytochrome b55819 and Mac-1," and found that these are localized mainly in specific (lactofemn-containing) granules, as has also been shown by ultrastructural analbut we could not exclude that these proteins were also localized in gelatinase granules. However, these proteins were not incorporated into the plasma membrane from these stores in proportion with exocytosis of gelatinase, as has been proposed by ~thers.~-'*'~-'~ Instead, the substantial incorporation of these membrane proteins into the plasma membrane that is observed in response to stimulation with inflammatory mediators is due to mobilization of secretory vesicles,8,'','2 a compartment distinct from peroxidase-negative granules, that is mobilized completely by inflammatory mediators.
It is concluded that heterogeneity among peroxidase-negative granules exists and that the gelatinase granules constitute one subpopulation that contains the major part ofgelatinase contained within the neutrophil. The morphologic identification of gelatinase granules, as presented here, is most important in regard to exocytosis of granule content. It is clearly possible for the cell to differentiate the exocytosis of granule content on the basis of this heterogeneity. This is likely to play a significant role during neutrophil diapedesis and migration, where substantial amounts of gelatinase may be liberated without significant mobilization of specific granules. 
